As the population ages, an increasing fraction of women diagnosed with breast cancer will be elderly. Heterogeneity of breast cancer risk factors between pre-and postmenopausal women is recognized, but few studies have examined elderly women specifically. The authors describe the age-specific influence of risk factors for postmenopausal breast cancer, with emphasis on women aged 75 or more years. Among 36,658 members of the Iowa Women's Health Study (1986)(1987)(1988)(1989)(1990)(1991)(1992)(1993)(1994)(1995)(1996)(1997)(1998)(1999)(2000)(2001), a population-based cohort study, 428 incident breast cancers were diagnosed in women aged 55-64 years, 1,297 in women aged 65-74 years, and 561 in women aged 75-84 years. Women with a body mass index (weight (kg)/height (m) 2 ) in the highest versus the lowest quartile were at increased risk of breast cancer at age 75 or more years (adjusted hazard ratio = 1.44, 95% confidence interval (CI): 1.12, 1.84). Family history of breast cancer (hazard ratio = 1.54, 95% CI: 1.24, 1.93 for a first-degree family history vs. none) and an older age at menopause (p trend = 0.07) conferred increased risk for women aged 75 or more years, and a high number of livebirths was protective (hazard ratio = 0.67, 95% CI: 0.51, 0.88 for five or more births compared with one or two). Obesity, a modifiable risk factor, remained positively associated with breast cancer for all age groups of postmenopausal women. age factors; breast neoplasms; female; risk factors Abbreviations: CI, confidence interval; IWHS, Iowa Women's Health Study.
Increasing life expectancies in Western countries have resulted in an increase in the proportion of the population that is elderly. For example, the percentage of the US population that was aged 75 or more years increased from 2.6 percent in 1950 to 5.9 percent in 2000 (1) . Because the incidence of most cancers is highest at older ages, the proportion of persons affected by cancer who are elderly at the time of diagnosis is growing (2, 3) . There is a need for research on factors influencing cancer etiology, prevention, and control in the elderly.
The incidence of breast cancer peaks at the ages of 75-79 years, and among women diagnosed with breast cancer during 1996-2000, 44.2 percent were aged 65 or more years at diagnosis, and 22.5 percent were aged 75 or more years (4) . Although some studies have reported on risk factors for breast cancer by age at diagnosis, and heterogeneity of breast cancer risk factors between pre-and postmenopausal women is recognized, data describing risk factors for breast cancer in the oldest age groups are relatively limited. For example, in a report based on pooled data from multiple studies (5) , only about 7 percent of cases in the data set were aged 70 or more years at diagnosis. Among other studies that have considered the age-specific role of breast cancer risk factors in postmenopausal women (6) (7) (8) (9) (10) (11) (12) (13) (14) , most have treated all women aged 65 or more years as a single age group.
Differences in the pathologic features of breast tumors in aging women have been described. The proportion of women with distant-stage disease increases with age (15, 16) , the distribution of histologic types changes (15) , and the proportion of tumors expressing hormone receptors (17) and other favorable biologic markers (18) increases. These trends appear to continue beyond age 70 years. Differences in pathology may reflect different biologic influences on breast tumor development in older women.
We have analyzed data from a cohort in which a significant number of women have been diagnosed with breast cancer at age 75 or more years. The goal of this analysis was to describe the age-specific influence of recognized risk factors for breast cancer in aging women.
MATERIALS AND METHODS

Study population and follow-up
The Iowa Women's Health Study (IWHS) was initiated in 1986 to examine the association between body fat and its distribution and cancer incidence in postmenopausal women. Subjects provided informed consent under a protocol approved for human subjects' research by the University of Minnesota Institutional Review Board. Details of the methodology have been reported elsewhere (19, 20) . Briefly, a questionnaire was mailed in January 1986 to a random sample of women with an Iowa driver's license who were between the ages of 55 and 69 years. The questionnaire solicited information regarding medical and reproductive histories, diet, and anthropometric, sociodemographic, and lifestyle factors. For the anthropometric variables, the participants reported their current weight and height, weight at age 18 years, and their hip and waist circumferences (measured, usually by a friend, using a paper tape measure provided with the questionnaire). The self-reported measurements in this cohort have been shown to be both valid and reliable (21) .
Forty-three percent of women returned the questionnaire. Women were excluded who at baseline reported a history of cancer other than skin cancer (n = 3,830), a prior mastectomy (n = 547), or premenopausal status (n = 354). Additionally, women who did not answer questions addressing the risk factors of interest for our current analysis were excluded (n = 447). After exclusions, there were 36,658 women, 99 percent of whom reported race as White, with a median age of 61 years at baseline, in the eligible cohort.
Incident breast cancer cases (International Classification of Diseases code 174 and code C50 from the Ninth Revision and Tenth Revision, respectively) through 2001 were identified through annual linkage to the State Health Registry of Iowa, which is part of the National Cancer Institute's Surveillance, Epidemiology, and End Results Program (4). There was virtually no difference between the rates of breast cancer among the responders and nonresponders to the baseline questionnaire (22) . Person-years of follow-up were calculated from the date of the baseline questionnaire until the date of breast cancer diagnosis, date of move from Iowa, or date of death. If none of these events occurred, the end of follow-up was December 31, 2001, when the median age of 29,687 surviving participants was 77 years.
Data analysis
The primary exposures of interest for the present analysis are recognized risk factors for postmenopausal breast cancer, including anthropometric measurements, reproductive events (age at first livebirth and parity), variables representing exposures to endogenous hormones (age at menarche, age at menopause), and family history of breast cancer. From the self-reported anthropometric data, we calculated body mass index (weight (kg)/height (m) 2 ), waist/ hip ratio (an indicator of body fat distribution), and weight change from age 18 years to baseline, and we established cutpoints based on the distribution in all eligible cohort members. For family history of breast cancer, we made comparisons of 1) women who reported first-degree relatives (mothers, sisters, and daughters) diagnosed with breast cancer with those who reported no family history and 2) women who reported second-degree relatives diagnosed with breast cancer (grandmothers and aunts), but no firstdegree relatives, with the same referent group.
To analyze associations between risk factors and incident breast cancer, we used the Cox proportional hazards regression method with age as the time scale. To control for potential confounders of the variables of interest, we selected covariates considered to be risk factors according to previous breast cancer studies, including previous IWHS analyses. Multivariate regression analyses were conducted with the following covariates: age at baseline (continuous), education (less than high school, high school, more than high school), age in years at first livebirth (<20, 20-24, 25-29, ≥30, nulliparous), parity (1-2, 3-4, ≥5, nulliparous), age in years at menarche (≤11, 12, 13, ≥14), age in years at menopause (<45, 45-49, 50-54, ≥55), family history of breast cancer (none, second-degree relative but no first, first-degree relatives), and body mass index and height (quartiles).
Hazard ratios and 95 percent confidence intervals were calculated for each of three age intervals: 55-64 years, 65-74 years, and 75-84 years. Each woman contributed person-years at risk to one or more of these age categories, depending on her age at entry into the study and her age at end of follow-up. Trends in hazard ratios across ordered exposure categories (e.g., quartiles of body mass index) were examined using a continuous variable (e.g., coded 0, 1, 2, 3) as the explanatory variable. Because the cutpoints for 10-year categories may be arbitrary, we constructed graphs of hazard ratios across age. For these graphs, we calculated a point estimate of the hazard ratio for breast cancer at each single year of age from Cox models that included time-dependent covariates. The point estimates were plotted versus age on a log scale. A line representing the trend in hazard ratio with age was obtained by linear regression of the single-year estimates across age, weighting each estimate according to the number of incident breast cancers at that age.
We formally assessed differences in hazard ratios across the three categories of age at diagnosis by comparing two models. The first model included time-dependent covariates for the risk factor of interest, allowing a different hazard ratio to be estimated for each of three age intervals: 55-64, 65-74, and 75-84 years. The second model did not include time-dependent covariates, constraining the hazard ratio to be constant across all age intervals. Interaction between risk factors and age was tested by comparing the two models using the likelihood ratio test. Stata statistical software (Stata Corporation, College Station, Texas) was used for data analysis. cancer. Because of the age structure of the cohort, restricted to ages 55-69 years in 1986, there were many breast cancer cases available for analysis at ages 65-74 years, but there were fewer at the youngest and oldest ages. The maximum number of breast cancers diagnosed at a single year of age was 157 cases at age 69 years; the minimum was nine cases at age 56 years.
RESULTS
During
Characteristics of breast cancer cases by age at diagnosis are shown in table 1. Breast cancer incidence was highest in women aged 75-79 years. The majority of tumors were local stage at diagnosis (63 percent of tumors with stage information), with the proportion that was local generally increasing with age. The proportion of tumors positive for the estrogen receptor (84 percent of all those with estrogen receptor results) also increased with age. The proportion with ductal histology decreased with age at diagnosis, while the proportion with histologies classified as "other" (including mucinous adenocarcinoma, tubular adenocarcinoma, medullary carcinoma) was highest in women aged 75 or more years.
Hazard ratios for anthropometric risk factors for breast cancer diagnosed at the ages of 55-64, 65-74, and 75-84 years are presented in table 2. A trend of increasing risk associated with each quartile increase in body mass index above the lowest was observed, and this trend was apparent in every age group. When the hazard ratios per 4-kg/m 2 increase in body mass index at each year of age at diagnosis were plotted (figure 1), there was no indication that the increased risk associated with body mass index changed with age, and the fitted line of hazard ratios across age had essentially zero slope. Other measures of body fatness, that is, waist/hip ratio and weight change since age 18 years, also showed consistent trends of increasing risk within each age group (table 2) . Risk of breast cancer increased with height in all age groups, although the trend was not significant for women aged 55-64 years.
Age-specific hazard ratios for associations between reproductive history and breast cancer are shown in table 3. There was no increased risk of breast cancer diagnosis at age 75 or more years associated with an older age at first birth. However, in this cohort the magnitude of the increased risk for older age at first birth was also modest for the other ageat-diagnosis categories after adjustment for number of livebirths and education. Nulliparous women were at increased risk of breast cancer relative to women with a first birth before age 20 years, but hazard ratios were attenuated in the older age groups. The inverse association of parity of five or more with breast cancer was observed for all three age categories. The hazard ratios for nulliparous women and for women with five or more livebirths, calculated at each single year of age, are shown in figure 2, parts A and B. The slopes of the hazard ratios trended toward the null at older ages; however, there was no statistical evidence of an interaction between nulliparity (p = 0.27) or parity of five or more (p = 0.49) and age at diagnosis. Incidence rates for breast cancer increased with age in all categories of parous women (table 3), but the incidence rates among nulliparous women did not fit this pattern. The incidence of breast cancer among nulliparous women increased from 447 per 100,000 person-years (95 percent confidence interval (CI): 321, 607) at age 55-64 years to 496 per 100,000 (95 percent CI: 412, 591) at age 65-74 years but then decreased slightly to 486 per 100,000 (95 percent CI: 364, 636) at age 75-84 years. Only 9 percent of the women in the IWHS cohort reported having had no livebirths, and therefore the confidence intervals on the incidence rates for breast cancer for nulliparous women were wide.
Menarche at older than 11 years was associated with a decreased risk of breast cancer at age 55-64 years (table 3), although there was not a clear trend across the categories of women who reported menarche at the ages of 12, 13, and 14 or more years. The hazard ratios for older age at menarche were attenuated for breast cancer diagnosed at ages 65-74 and 75-84 years compared with age 55-64 years. Older age at menopause was modestly associated with increased risk of breast cancer. When the contrast was simplified to compare two categories of age at menopause, hazard ratios for menopause at age 50 or more years, compared with that at age 49 or less years, were 1.11 (95 percent CI: 0.92, 1.35) for age 55-64 years at diagnosis, 1.05 (95 percent CI: 0.94, 1.17) for age 65-74 years at diagnosis, and 1.26 (95 percent CI: 1.06, 1.49) for age 75-84 years at diagnosis. The graph of hazard ratios for age at menopause of 50 or more years versus less * Incidence per 100,000 person-years. † CI, confidence interval. ‡ Adjusted for age at baseline, education, age at first livebirth, parity, age at menarche, age at menopause, family history of breast cancer, and height. § Number of cases does not sum to 2,286 because some subjects did not report waist, hip, or weight at age 18 years. ¶ One pound = 0.45 kg. # Adjusted for age at baseline, education, age at first livebirth, parity, age at menarche, age at menopause, family history of breast cancer, and body mass index. ** One inch = 2.54 cm. than 50 years (figure 2, part C) has a slight positive slope, but the test for interaction did not indicate an important difference in the hazard ratio for age at menopause by age at diagnosis (p = 0.60).
In the present data, there was little relation between family history of breast cancer and breast cancer risk at age 55-64 years, but increased risk associated with family history was present for ages 65-74 years and 75-84 years. The graph of hazard ratios for first-degree family history of breast cancer at each year of age had a positive slope with age ( figure 2,  part D) . The test for interaction provided limited evidence (p = 0.10) of heterogeneity of the hazard ratios for a firstdegree family history of breast cancer among the three age groups.
DISCUSSION
As the population ages, elderly women will represent an increasing fraction of women diagnosed with breast cancer (2, 3) . Using data from a large, population-based cohort, we found that parity, age at menopause, and family history continued to influence breast cancer risk among women aged 75 or more years. High body mass index, a modifiable risk factor, was consistently associated with increased breast cancer risk for all age groups in this cohort of postmenopausal women.
Breast cancer incidence in this cohort followed the age trend reported in national data (4), with increasing incidence in each 5-year age group up to 75-79 years and then somewhat lower incidence at age 80-84 years. Overall similarity of breast cancer incidence between IWHS participants and the population from which they were drawn has been described previously (22) . Breast cancers occurring in women who were aged 75 or more years at diagnosis were characterized by a somewhat higher proportion with three favorable prognostic characteristics: local stage at diagnosis, positive estrogen receptor status, and "other" histologies (tumors that were neither ductal nor lobular). The patterns for estrogen receptor status and histology are in agreement with what has previously been described (15, 17, 18) . In Surveillance, Epidemiology, and End Results Program data from the 1980s (15) and from 1992 (16), women in the oldest age groups more often had advanced stage breast cancer. This was not true in the more recently diagnosed IWHS cases, a difference that is probably explained by the continued increase in use of mammography screening during the last decade by women aged 65 or more years (23) .
The strengths of this study were that it was population based and prospective, with the same participants being followed continuously over a period of 16 years for breast cancer incidence. Because the cohort was followed from a median age of 61 years to a median age of 77 years, most cohort members contributed person-time in all three age categories that were considered in the analysis. To further control for any possible birth cohort effects, analyses were adjusted for age at baseline. Generalizability is a potential limitation; IWHS participants live in one state, are almost exclusively Caucasian, had to have a driver's license in 1986, and had to be able to respond to a detailed written questionnaire. Thus, these women differ from the general population of US women at risk for breast cancer in racial and geographic distribution and literacy. For this analysis, we have emphasized comparisons of the disease experience of women within the cohort at different ages. The results therefore should be internally valid. The time between measurement of exposures at baseline and occurrence of breast cancer varied widely. When baseline responses are used to assess hazard ratios for disease events through a long follow-up period, accuracy of exposure information may diminish with time, for example, if subjects change their dietary habits from what was reported at baseline. There is the potential for hazard ratios for events occurring later during follow-up to be attenuated because of misclassification of exposure. For most of the factors that we emphasized in this analysis, however, for example, parity, age at menarche, and age at menopause, the exposure could not change after baseline among these postmenopausal women, so any attenuation of hazard ratios with age would not be explained by this source of measurement error.
In the existing literature on breast cancer risk factors, age heterogeneity is most evident when the role of body fatness, usually measured by body mass index, is considered. Many studies have shown that the relation between high body mass index and breast cancer is null or slightly inverse when cancers diagnosed before menopause are considered, but high body mass index is associated with an increased risk of breast cancer for postmenopausal women (5, 11, 24) . Among prior studies that considered the role of high body mass index by age group among postmenopausal women, most have suggested that relative risks were stronger in the oldest age groups (5, (11) (12) (13) , although one reported the reverse (25) . For example, in one study the odds ratio for the highest versus the lowest quintile of body mass index increased from 1.5 for women diagnosed at age 60-69 years to 2.9 among women aged 70 or more years at diagnosis (11) . Those analyses were based on relatively small numbers of cases in the oldest age groups. In the IWHS cohort, based on 1,297 cases diagnosed at age 65-74 years and 561 cases diagnosed at age 75 or more years, we observed that the magnitude of the hazard ratio for body mass index in postmenopausal breast cancer was similar across all ages at diagnosis. Several measures of body fatness (body mass index, waist/hip ratio, and weight change since age 18 years) each had a strong positive association with breast cancer risk for women in all three age groups that we considered. Thus, it appears that women who heed public health messages to maintain a healthy weight in adulthood will have lower breast cancer risk in their elderly years.
An early age at first livebirth and a higher number of births are recognized as protective against postmenopausal breast cancer (26). The present data provide evidence that, among parous women, a high number of births (≥5 births) is associated with decreased breast cancer risk in all age groups of postmenopausal women, including those aged 75 or more years. We found that nulliparity and age at first livebirth had little association with breast cancer in those aged 75 or more years. Several other studies that reported on parity, age at first birth, and breast cancer by age at diagnosis (6-9) found higher risk ratios overall for nulliparous women than did the present study, and these studies did not find diminished risk ratios among elderly women. The inconsistency between the result for women aged 75 or more years in the present study and these reports may be explained by chance. There is also the possibility that categorizing women aged 75 or more years as a separate group, rather than grouping all women aged 65 or more years (7-9) or 70 or more years (6), may be revealing different information. Older age at menarche typically is reported to be associated with reduced breast cancer risk, while older age at menopause is associated with increased risk (26) . In our analysis, the association with age at menarche was present only in the group aged 55-64 years, with little evidence of an effect of age at menarche on breast cancer risk in women aged 65 or more years. In the present data, the association between older age at menopause and breast cancer risk was not strong but was present in women aged 75 or more years. These results are consistent with an analysis based on case-control study data, which also indicated that age at menarche was no longer relevant to breast cancer risk after the age of 64 years, but age at menopause continued to influence risk (10) .
A pooled analysis of data from population-based studies reported on the association between family history of breast cancer and breast cancer risk by 5-year age categories (27) . The risk ratio for having one affected relative compared with none decreased from 2.53 among women aged 35-39 years, to 1.84 for women aged 45-49 years, to 1.53 for women aged 55-59 years, consistent with the idea that inheritance of a high-risk cancer susceptibility gene is associated with both an increased risk of cancer and a tendency toward earlier age at onset. In the same study, risk ratios did not further diminish in older age groups; for women aged 70 or more years, the risk ratio was 1.64. Among the postmenopausal women in the IWHS, the hazard ratio for a first-degree family history of breast cancer was higher in the groups aged 65-74 and 75-84 years than in the group aged 55-64 years. The results of the present study within a single cohort observed over 16 years are in agreement with the pooled analysis of multiple studies (27) FIGURE 2. Breast cancer risk associated with reproductive history or family history of breast cancer among elderly women, by age at diagnosis, Iowa Women's Health Study, 1986-2001. A, hazard ratio for nulliparity (referent group is age at first birth of <20 years); B, hazard ratio for five or more livebirths (referent group is 1-4 births); C, hazard ratio for age at menopause of 50 or more years (referent group is age at menopause of less than 50 years); D, hazard ratio for first-degree family history of breast cancer (referent group is women with no family history). Each circle indicates the age-specific hazard ratio; the diameter of the circle is proportional to the number of breast cancers diagnosed at that age. The dashed line is a weighted linear fit of the individual hazard ratios.
Downloaded from https://academic.oup.com/aje/article-abstract/160/9/868/86407 by guest on 11 March 2019 in indicating that family history of breast cancer, and by implication genetic susceptibility, continues to predict elevated breast cancer risk in elderly women. Epidemiologic theory predicts that risk ratios will be stronger in populations with lower absolute risk (28) . An example of this phenomenon can be drawn from cardiovascular disease, for which recognized risk factors, for example, smoking or high blood pressure, show larger risk ratios for younger, low-risk subjects than for older, high-risk subjects within the same cohorts (29) . The findings of lack of association of nulliparity, age at first livebirth, and age at menarche with breast cancer at age 75 or more years in the IWHS are consistent with attenuation of risk ratios as breast cancer incidence rises with age. However, for several other breast cancer risk factors, we did not observe lower risk ratios for women aged 75 or more years. The risk factors that showed attenuated risk ratios, that is, age at menarche, nulliparity, and age at first birth, represent hormonal exposures that occurred in the distant past. Indicators of relatively recent exposure to endogenous hormones (postmenopausal obesity and age at menopause) appear to remain relevant for breast cancer risk in elderly women.
